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Short Abstract — A central “dogma” emerging in systems
biology is that biological systems are selected for robustness to
perturbations. However, the lack of effective approaches for
quantifying the tolerance of biological systems to potentially
large perturbations has hitherto hampered understanding of
the molecular underpinnings of biological robustness. Here we
introduce a generic approach to identifying and characterizing
the boundaries where the performance of a biological system
deteriorates abruptly. This conceptual framework allows us to
precisely define and quantify “global tolerance” as the ratio
between the normal value of a parameter and the value at such
a boundary.
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I. INTRODUCTION

OBUSTNESS of organisms is widely observed although

difficult to precisely characterize. Performance can
remain nearly constant within some neighborhood of the
normal operating regime, leading to homeostasis, but then
abruptly break down with pathological consequences beyond
this neighborhood [1,2]. Currently, there is no generic
approach to identifying boundaries where local performance
deteriorates abruptly, and this has hindered understanding of
the molecular basis of biological robustness. Here we
introduce a generic approach for characterizing boundaries
between operational regimes based on the piecewise power-
law representation of the system's components [3]. This
conceptual framework allows us to define “global tolerance”
as the ratio between the normal value of a parameter and the
value at such a boundary [3]. We illustrate the utility of this
concept for a class of moiety-transfer cycles, which is a
widespread module in biology.
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II. METHODS

The strategy for our analysis involves (i) decomposition
of the system’s design space into unique regions with
boundaries precisely defined by the “cross-overs” or
“breakpoints” in the piecewise power-law representation [4],
(i1) determination of the system behavior in each region [5],
(iii) evaluation of system behavior according to a set of
quantitative criteria based on the function of the system, and
(iv) determination of the global tolerance to changes in the
values for the parameters and concentrations of the system.

III. CONCLUSION

Our results show a region of “best” local performance
surrounded by “poor” regions; also, selection for improved
local performance often pushes the operating values away
from regime boundaries, thus increasing global tolerance.
This is a desirable property that facilitates the evolutionary
adaptation of the moiety-transfer cycle to changing
environmental demands. These predictions agree with
experimental data from the reduced nicotinamide adenine
dinucleotide phosphate (NADPH) redox cycle of human
erythrocytes.
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